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Abstract 
This paper examines the processes that were needed in order to design and create a hydraulic system for a 
field cultivator. This paper discusses the basic background of a typical field cultivator. The reasons this 
project was created, such as ease of use and safety risks. The design of the cultivator is explained as well 
as the testing procedures that were used to determine the reliability of the design. The results of the testing 
and the verification that the project was a success are also included. 
In this project we have taken the skills learned in our fluid power and fluid mechanics classes to design 
and develop the hydraulic system. In the design of the frame we used skills learned in the following 
classes; Statics, Strength of Materials, Machine Elements as well as Kinematics and Dynamics. These 
were all used to propose a Factor of Safety that should be included in order to compensate for the weight 
of the implement, as well as determining if the frame was mechanically sound or if further reinforcements 
were required. 
The main knowledge that we retained after finishing this project was in the design and implementation of 
the hydraulic circuit. We learned how to apply the theory's learned in Fluid Dynamics into real world 
applications. Another area where we improved our knowledge was how to properly assemble a hydraulic 
circuit. 
Overall the team worked well together and was efficient with the tasks that were assigned. It was difficult 
at times because of the variance in schedules of our group, nevertheless we came together and 
accomplished the goals set forth by our project designs and were able to satisfy all of the requirements of 
the senior design class. 
We would like to thank Whitehead Farms for bearing with us and supporting us throughout this design 
project. They were able to supply all of the purchased components as well as a proper working 
environment to work on the field cultivator. They also supplied the tractor weights for testing as well as 
various tractors to aid in the testing of our hydraulic system. 
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Background: 
A Field Cultivator works with the same principle as using a garden hoe but at a much larger scale. The 
main function of the field cultivator is to prepare a proper seedbed for crops to be planted into. A field 
cultivator buries crop residue in the soil to help in the decomposition process, works as another form of 
weed control besides using herbicides, and warms the soil before planting by mixing the soil to ensure the 
growing crop has enough water and nutrients to grow well during the growing season. Field cultivators 
are used in order to work the ground in many types of fields where crops are grown as shown in Picture 1 
below. 
(Picture 1 field cultivator working ground) 
Field cultivators have arms, which a sweep or shovel is attached to and mounted on the underside of a 
metal frame. The number of shovels attached to any given field cultivator is determined by the size of the 
cultivator as well as the operator's needs. The image below (Picture 2) illustrates one form of sweep and 
arm of a field cultivator that are used for working the ground. There are also small pins on the rear of the 
machine that smooth out the soil surface for easier travel later when planting. 
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(Picture 2 sweep/shovel and arm of a field cultivator) 
Introduction: 
Several years ago Whitehead Farms purchased a field cultivator at a farm implement auction and it was 
not made known prior to the sale that the field cultivator possessed the ability to hydraulically raise and 
lower the implements wings attached on the outside of the frame. Therefore the field cultivator in our 
project, which can be seen below in Picture 3, has no hydraulics. Thusly it must be raised and lowered 
manually by hand or the use of another piece of equipment and chains or ropes. This is a very hard 
process because each wing weighs roughly 600 pounds. The main reason for raising the wings is so that 
it can be stored in a smaller place and also for transportation from field to field. Our project for Senior 
Design MET 494 is to add a hydraulic system to this cultivator. As well as determining if the addition of 
the hydraulic cylinders will add extra stresses to the frame. If additional stresses are present, is there a 
need for further reinforcing. Additionally the hydraulic pump will be supplied by the tractor, so the 
system must be designed so that many different tractor models can use the field cultivator. These tractors 
will have a large range of hydraulic pumps which presents the need to design our hydraulic system for the 
smallest flow rate to achieve our goals so that it can be used by any tractor without complications. 
Another design consideration for this project is the location of the cylinders due to the fact that they can 
only be mounted on the rear of the cultivator's frame, which can possibly create pinch points in the hinges 
resulting in the hinge binding or even failing if the added forces are too strong. 
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(Picture 3 manually raising the wings of the field cultivator) 
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Initial Design Specifications 
The initial design specifications where defined by our sponsor Whitehead Farms. 
• Raise and lower wing in under 5 seconds 
• Raise and lower main body in under 5 seconds 
• Design hydraulic system where body and wings could be operated independently 
• Use qouble acting cylinders as single acting with a vent so the "float" feature is possible 
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Design and Fabrication 
Picture 4 below, is a schematic of our hydraulic circuit. The area located within the hidden lines is an 
estimated example of the hydraulic controls circuit inside the tractor. This figure shows exactly how our 
hydraulic system works. Also all of the calculations are to follow of how we determined which cylinder's 
to use as well as the head loss for the entire system. We also calculated the recommended pump size to 
run the system effectively. 
(Picture 4 schematic of our hydraulic system) 
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Hydraulic Calculations 
Constants: 
Medium Grade Hydraulic Fluid 
Flow Rate ()22g~ l 
nun 
Specific Weight (y)=56.69 ;:s 
Dynamic Viscosity (ti)=l.36x10-2
1
n': 
t 
Specific Gravity=.960 
Pipe Diameter= .5 
1.1 Area of Pipe: 
(Eq. 1.1.1) Area of Inner Dia.meter: 
D 2 * n 52 * rr A~ ~ · , . ~ .1963in2 
4 
D(pipe inner dia1neter)=.5in 
1.2 Volumetric Flow Rate Conversion (Q): 
(Eq. 1.2.1) Volumetric Flow Rate conversion to /ts.: 
s 
gal min f t 3 f t 3 
22-- * :it . = .04902-
min 60 secs 7.48 gal s 
1.3 Velocity (V): 
(Eq. 1.3.1) Area of pipe from inches to feet: 
f 2 t 
.1963in2 * . ., = .001364ft2 
144in '"' 
(Eq. 1.3.2) Velocity of Hydraulic Fluid: 
2 2 g~  1 /ts t 
v = g_ = mi:n * ~ =35 93L 
A .Oll136 4ft 2 449g~' . s 
mtn 
This is the velocity of the hydraulic fluid in the tubing. The flow rate (Q) was taken from the pump 
connected to the tractor and the area in square feet was used from the area of the piping. The conversion 
factor of 449 was used to convert from gallons per minute to cubic feet per second. 
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1.4 Reynolds Number (NR): 
(Eq. 1.4.1) Diameter of pipe in feet: 
.in*~  .04167/t 
12in 
(Eq. 1.4.2) Reynolds's Number: 
V * D 35.93ft x .04167ft 
NR = -- = . s . f .2 = 2050 ~ 2000 = Laminar flow 
v 7.31x10-4~ 
s 
Reynolds number was calculated using the velocity given in section 1.2 and the diameter of the pipe is 
used in feet. This will be used to calculate the losses in the pipes and to also see that the pipe flow is 
laminar. 
1.5 General Energy Equation: 
(Eq. 1.5.1) General Energy Equation 
2 2 ~ ~ ~ ~ 
- +z +- +h - h - h =-+z +-Y 1 2g :A R L y 2 2g 
p 1 = O The pressure before the pump is zero due to the fact that the system is open to a reservoir. 
z 1 = z2 =The elevation between start of the reservoir and the exit of the pump. This is zero because 
the elevation is negligible and does not affect the system. 
v 1 =The velocity before the pump. This is zero because the fluid is not moving before it enters the 
pump. 
o =Gravitational constant 
hA =Energy added to the system by the pump. This will be calculated after finding the pressure after 
the pump. 
hR =The energy loss from motors. This will be zero due to the fact that there are no motors in the 
system. 
hL= This is the energy loss due to friction. This will be calculated using Reynolds number seen below in 
section 1.5 
1.6 Losses in the pipe ( h,): 
(Eq. 1.6.1) Friction Factor 
f~ ~ = .032 
RB 2000 
(Eq. 1.6.2) K-Factor 
K=60(f)=60* .032=1.92 
K factored from Figure 2-1, standard T flow thru branch. 
(Eq. 1.6.3) Losses in pipe: 
fLv 2 • 032 * 30' * 35.932 
h =-- = = 107.8/t 
L D2g . 04167 . 2 . 32.174 
L was physically measured. v was calculated from flow rate and area of tube. 
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(Eq. 1.6.4) Losses in T-fitting: 
v 2 35.932 
h = K - = 1.92 38Sfi 
L 2g 2 * 32.17·4 . . 
(Eq. 1.6.5) Total Head: 
hL = 107.8 + 38.5 = 146f t 
This is the total energy loss due to friction. 
1.7 Pressure on rams (P overall): 
~ pressure was figured using 1" diameter of the hydraulic cylinder 
(Eq. 1. 7.1) Area of hydraulic cylinder: 
Dzx 1in2 * 1r 
A = -- = = .7854in2 4 4 
(Eq. 1. 7.2) Overall Pressure of system using total weight of cultivator: 
2840lbs 
Po·vBrall = . 7854in2 = 3616psi 
(Eq. 1.7.3) Conversion of Pressure to psf: 
144in2 
---- f tZ = 520,7 04psf in2 
1.8 Energy Added to System from Pump (hA): 
(Eq. 1.8.1) The required horse power (P1lP) will be used to calculate hA-
v 2 2 
P1 + z + ..2.... + h - h - h = P2 + z + V2 
}"' 1 29 :A R L y 2 29 
(Eq. 1.8.2) Using the general energy equation and eliminating variables that are constant hA can be 
solved for 
p v 2 
h  ~+ -2- +h 
:A y 29 L 
The pressure before the pump (p1 ) can be eliminated because it is vented to the atmosphere. The 
difference in elevation (z1 + z 2) can be eliminated because it is negligible and does not add any energy to 
the system. The energy loss from a motor ( hR ) can be eliminated because there is no motor in the 
system. The velocity before the pump (v1 ) can be eliminated because it is zero. 
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S20704 3S.932 
h;. = 56.69 + 2(32.174) 146 = 9185/t+ 20ft + 146ft 
hA =9351ft 
This is the energy that is added to the system from the pump. 
1.9 Power added to the Fluid from the Pump (PA): 
(Eq. 1. 9 .1) Power added to the Fluid by the Pump 
PA=Power added by hydraulic pump 
hA=Total energy added by pump 
y=Specific Weight of hydraulic fluid 
Q=Volumetric Flow Rate 
lb ft3 lb* ft 
PA = 9351ft * 56.69/ 3 * .04902 - = 25986 
. t s s 
lb* ft HP 
PHP = 25986--. - * lb *ft = 47HP 
· s sso--· 
s 
The horsepower of the hydraulic pump should be around SOHP in order to run the system efficiently. 
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~ CRANEJ 
•'Ki• PACTOR TAllf- SHEE:T .C of°' 
REPRESENTATIVE RESISTANCE COEFFICIENTS (K) FOR VALVES AND FITTINGS 
{lot formula lltld l i'IC«ion .,.tt; JN ~ 5Z} 
t'K~ fa NN"1 on uu ol tch«Jlilie pIJ» a Nsl«i M ,,._ so; 
PLUG VALVES ANO COCkS 
Strai9ht-Woy 3-Wcry 
l f. ~-1 , 
Ki - 18/r 
H: 
~ l~1 ~x-x ~ 
aiJ cBJ 
H: p ... 1. 
Ki .. 30 /r 
Ir : ./3 .. I , 
Ka .. QO / r 
f3 < 1 • , . K" .. Formula b 
MnlE IENDS 
-c· IC 
0:• 2h 
u · H r 
30• 
"' 
,,. u Ir 
60• 2.$ ,, ,,. AO Ir 
90• 60 " 
90" Pft llNDS AND 
FLANGID 01 IUTT·WllDING W ILIOWS 
t / d IC 1/d l 
l 20 ,, 10 30 " 
2 12" 12 3• ,, l I Hr ... 38 ,, 
' 
I U r H 42 ,, 
6 17 Ir u 
""'' • '2..t 1.r 20 so,, ~ 
The resistance cttff11:ient, K/i, for pipe bends other 
ti'uln ()()0 may be d~tennined as foUo'ws : 
Ks .. (n- 1) (0.15.,. ft·£ +o.s K) + K 
n ,.. t'1,.1mbcr of qo• bends 
K ... r~!lUlilCf! coefficient for OliC <Kr· bend {Jx;t tabli:;) 
STANOAID ILIOWS 
STAND.AID THS 
FJow thru run .... , . . K-10/r 
Flow thru branch ... . K • 6o /r 
lnwonl 
Prol•dl"I 
K .. 0 .18 
Pf PE INTaANCI 
rid ,f( 
o.oo• u 
o,cn o.2t 
o.°' G.2-' 
0,06 0.1$ 
0.1 0 0.09 
0.1.S' up 0',04 
PIPE EXIT 
fhtth 
For.K... 
see table 
a.OSI PAna.N IOUIN llNDS ''°lMtln1 Sha....... lou...tecl ~~~ 
K .. fO/r K ... 1.0 K ... LO K.1 .0 
(Figure 1) 
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en (fl 
()) 
c 
.r::. 
Ol 
::s 
0 
a:: 
ID 
> f5 Q) 
a:: 
Angle of Wing: 8 = Angle 
Weight of wing: W = mg = S60 
F. = wccs9 
DH sin+ 
Length: EH = L 
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Structural Design 
F08 is the force that the cylinder is exerting in order to hold the wing in position. 
{DH)2 = a 2 + 12 - 2aL cos() 
DR 
F.DH ;;;; W - cot8 
ER 
Angle0 DH {in) 
0 14.5 
5 19.65882 
10 25.74221 
20 18.8643 
30 20.45249 
40 24.90616 
45 18.08372 
50 14.7942 
60 26.2782 
70 17.33359 
80 21.98648 
90 23.80076 
(Table 1) 
D 
E 
(Figure 3) 
F_DH 
0 
42.13255 
201.3152 
79.61618 
25.64789 
120.7524 
114.7088 
835.2906 
399.5204 
158.6331 
16.97324 
70.75578 
L H 
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+ = 50lb 
* 
For hinges A and B 
+T I Fy = O: O = Ay +By+F,..,t 
=-345 .59+Bv +550 
Bv =204.41lb 
+--+ L Px = 0 • 0 = Ax and Bx = 0 
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B 
* 
+ 5.l 7ft 
A 
l.375ft 
Wing of the cultivator 
~MB  0: 0 = 1Solb x 1.37ft + 1Solb x 2.7Sft + 1Solb x 4.12S/t + 100 x S.Sft - Ay x 5.17 ft 
Ay = - 345.59lb ft 
So, Ay = 345 .59lbft in the counter clock wise direction 
Factor of Safety 
FOS = PaiI.urs Stres.s = 4SOOO p.si = 12 
DBBign Stress 375 0 psi 
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Displacement Results 
Result component: Total lranslation 
Extent Value X Y Z 
- Minimum o.ooo· in 28.520 in 0.000 in -1.250 in 
Maximum 0.265 in -28.093 in 85.500 in -1.427 in 
Stress Results 
Result co~ponent:· Von Mises 
Extent Value x y z 
Minim~m 6.749e-004 ksi -28.093 .in 85.500 in 1.427 in 
Maximum 7.316e+OOO ksi -28.270 in 2.339 in -1.500 in 
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Cad Model 
The Cad models shown below where generated for proof of concept of how we plan on assembling our 
hydraulic system and the operations we want it to perform. The images below also reference the basic 
design of our cultivator as well as the location of our hydraulics. We were not able to place the cylinders 
for the wings in the front or the middle of the main frame due to the interference that would arise because 
of the wheels. 
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Fabrication and Assembly 
• Power washed the field cultivator 
• Inspected cylinders 
• Test cylinders 
• Attached and painted Brackets 
• Attached cylinders 
• Zip tied hydraulic hose to frame 
• Connect hose to cylinders 
• Check for leaks 
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Results 
A Field Cultivator works with the same principle as using a garden hoe but at a much larger 
scale. The main function of our project is to prepare a proper seedbed for crops to be planted. A 
field cultivator buries crop residue in the soil, works as another form of weed control besides 
using herbicides, and warms the soil before planting by mixing the soil to ensure the growing 
crop has enough water and nutrients to grow well during the growing season. 
As shown in the Picture below, the implement has many sweeps mounted on the underside of a 
metal frame, and small narrow arms at the rear of the machine that smooth out the soil surface 
for easier travel later when lanting. 
\\~\ , ~ , - . " - ~~ 
' \ •,'  \ ·. 
\ • 
(Sweep and Arm of a field cultivator) 
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As seen in the picture below this is the field cultivator in the down position. This is the 
position where the ground would be worked. This position is accomplished when the wing 
cylinders are in the fully extended position. 
Shown below is the field Cultivator in the upright position. This position is used for 
transport and storage. Also this position is achived when the wing cylenders are in the fully 
retacted position . 
.......,... ......... __...--.......... ...--.................... _......,__~--~~~...,...,..,,~ 
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Testing 
The basic list of testing procedures is listed below. 
• Attach each cylinder separately to the pump to ensure proper function. (Before build) 
• Raise and lower wings 10 times 
• Raise and lower entire implement 10 times 
• Check for leaks, record times 
• Add 500 lbs to each wing, raise and lower 10 times 
• Check for leaks, record times 
• Add 1,000 lbs to the main body, raise and lower 10 times, record times 
• Operate field cultivator in working field environment 
The testing occurred April 14, 2012 on Whitehead Farms property. The testing was done by 
Bryce Whitehead and Chris Lengacher. The equipment used where 125 lb. tractor weights 
which were attached to the wings and main body as stated above. 
The testing procedures that were listed above are again for a worst case scenario, the possibility 
that the amount of weight that was used during testing is very small. The picture below shows 
how the weights were attached to the frame of the wing for testing. 
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Reporting Results 
After the completion of our testing procedures we were then able to input the data into excel and 
create a time chart that shows the differences in time intervals of the raising of the wings when 
the additional weight was added compared to the cultivator by itself. Below is an example of the 
results that we collected when we input the data for the wings with and without additional 
weights. The table below shows the time comparison results that we retrieved from our testing 
procedures. The graph shows the time in seconds compared to the number of wing lifts. 
(Table 2) 
3 .900 
3 .700 
3.500 
v;"' 
-;; 3.300 
• E I= 3.100 
2.900 • 
2.700 
2.500 
0 
Trials Control Run 2501b 5001b 
1 2.980 3.25 3.480 
2 2.760 3.17 3.260 
3 3.050 3.33 3.550 
4 2.870 3.07 3.370 
5 2.950 3.38 3.450 
6 2.650 3.19 3.150 
7 2.990 3 3.490 
8 3.050 3.42 3.550 
9 3.120 3.27 3.620 
10 2.750 3.01 3.250 
Time to lift Wing 
• 
2 4 
#of Trials 
6 
-.--
• 
----------
8 10 
+ Control! 
• 2501b 
&. SOOlb 
(Figure 1 graph of times for testing wings with additional weight) 
After reviewing the figure above it is obvious that the additional weight does affect the operation 
of the implement however it is so small that the worst case scenario of operation is able to be 
reached. Knowing these results the wings are fully functional and operational. Along the wings 
the main cylinder was able to lift the additional weight that was added, thusly passing the testing 
procedure as well. 
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Costs 
The table below documents the expenses of our project. We purchased the cylinders, hoses, and 
brackets used from Worthington Ag Parts per our sponsors request to help save some money. 
Whitehead Farms also requested that we replace the tires on the cultivator so we added in the 
price of those since we performed this task. 
Parts Quantity Price ($) Total Price 
Cylinder 3 $125.00 $375.00 
Hose 1 $50.00 $50.00 
Bracket 4 $80.00 $320.00 
Misc. 1 $40.00 $40.00 
Tires 2 $120.00 $240.00 
Total Cost $1,025.00 
(Table 3) 
Page 26 of35 
Senior Design Spring 2012 
Conclusion 
The design was developed using skills and information gained in our classes in MET. Though 
we have never before designed something on this scale we believe it turned out well. It turned 
out well for the reason that our original design passed all of the testing in worst case scenario. 
The fabrication of the project was accomplished without any large setbacks. This is due to the 
resilient design we had. Since we accounted for everything before the build it all worked out 
very well. The Build itself only took a few hours but the design took many more. 
The Testing was accomplished as stated above using tractor weights. This test was our worst 
case scenario that would be hard to replicate under any normal operation of the field cultivator. 
The field cultivator worked as originally intended in our design with only a small increase in 
time when lifting the cylinders. 
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Hydraulic Fluid System Gantt Chart 
Planning 
Research 
Design 
~ Build 
"' .~ Test 
Complete 
Report 
Pres. Prep. 
1/21 2/10 
DATE 
3/1 3/21 4/10 
• 
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Appendix 
The appendix includes various pictures of 
our field cultivator as well as a few design 
CAD drawings that illustrate the concept of 
the project. These pictures are here for the 
purpose of clarity and to help answer any 
unknown questions only. 
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Advantage Lubricants Premium Tractor Hydraulic Fluid 
The Advantage Premium Tractor Hydraulic Fluid is used to lubricate the transmission, 
differential, wet break, power steering, and the hydraulics of equipment with a main tank 
system. 
Applications 
Advantage hydraulic fluids are far superior to other hydraulic fluid brands. Advantage 
Lubricant's premium tractor hydraulic fluids are used in many different kinds of farm 
tractors and other equipment. The main purpose is to extend the life of the moving parts 
and seals within the tractors or other pieces of machinery. 
Features 
Design 
Wear Protection: Protects gears, pumps and other parts as well as extending life of parts 
Compatibility: Extends life of seals and hydraulic hoses and helps to reduce 
maintenance 
Durability: Provides good oxidation stability and reduces oil from degrading at high 
temperatures 
Pumping Efficiency: Retains viscosity at high temperatures, minimizes viscosity shear 
loss, and increases hydraulic power output at high temperatures 
This all-season fluid is developed to provide excellent properties and stability at high and 
low temperatures. It also provides anti-wear properties, the ability to carry heavy 
differential gear loads, and special frictional properties to prevent chatter. 
Specifications: 
Advantage Lubricants Premium Tractor Hydraulic Fluid 
Viscosity @ 100 °C 
Viscosity Index 
Color 
9.38 x 10- 6 m
1/s 
145 
L2.5 
Pour Point 
Brookfield Viscosity@ -35° C, 
Flash Point 
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-40 °C 
58400 cP 
230 °C 
